S u m m a r y . This paper describes the optimization of an activated sludge system which comprises an aeration tank and a secondary settler. This system is by far the most widely used biological process in wastewater treatment plants. The optimization process is represented eis a smooth nonlinear problem with highly nonlinear equality constraints, some linear equality constraints, one inequality constraint and simple bounds, in which the objective is to minimize the total cost associated with the installation and operation of the biological process. We use the software LOQO to solve the problem. Several computational results show that the quality of the effluent, especially in terms of carbonaceous matter, influences directly the cost and the main contribution to the total cost is the air flow, due to the acquirement of the electromechanical equipment and spent energy.
Introduction
The optimization of natural processes is becoming nowadays more and more important. In the case of wastewater treatment plants ( W W T P s ) , besides the simulation, which is quite common, see for example [9] , it seems crucial to reduce, as much as possible, the costs associated with the design and operation of such plants, because they are so high that can threaten the very survival of many industries.
Besides the densely populated and industrial regions, it is also very important to treat the domestic eflfluents in small country regions. In particular, there is a small region in the north of Portugal, Tras-os-Montes, that produces high quality wines and has significant efiluent variations in terms of amount of pollution and flow, during the vintage season.
A typical W W T P is schematically represented in Figure 1 . The first three unit processes define the primary treatment which is a physical process and aims to eliminate the gross solids and grease, so avoiding the blocking up of the secondary treatment. Although the dimensioning of such units is usually I. A. C. P. Espirito-Santo et al. empirical and based on the wastewater to be treated, its cost does not depend too much on the characteristics of the wastewater. This is the reason why this process is not included in the optimization procedure. The next two units d e h e the secondary treatment of the wastewater. It is the most important treatment in the plant because it eliminates the soluble pollutants. This is a biological process which, in the case herein studied, comprises an aeration tank and a clarifier and aims to separate the biological sludge from the treated water. There are other biological treatments but this is, by far, the most widely used.
Finally, the last unit is used to treat the biological sludge that is wasted by the secondary settler.
There are many other possible WWTP layouts, but most of them have the above described treatments. When the wastewater is very polluted and the secondary treatment does not provide the demanded quality, a tertiary treatment, usually a chemical process, can be included. This paper is part of an ongoing research project in which we are engaged to optimize the design and the operation of the whole plant in terms of minimum total cost (investment and operation costs). The work herein presented focus solely on the secondary treatment, in particular on an activated sludge system that is represented in Figure 2 . This system consists of an aeration tank and a secondary settler. The influent enters the aeration tank where the biological reactions take place, in order to remove the dissolved carbonaceous matter and nitrogen. The sludge that leaves this tank enters in the secondary settler where suspended solids are removed. After this treatment, the treated final effluent leaves the settling tank and the thickened sludge is recycled to the aeration tank and part of it is wasted.
